Background/Aim: Autotransplantation of teeth to the anterior maxilla may be indi-
| INTRODUCTION
Tooth replacement in the anterior maxilla is most often indicated after traumatic dental injury or due to congenital missing teeth. 1 Treatment alternatives include implant-supported restorations, conventional fixed bridges, acid-etched bridges, orthodontic space closure or autotransplantation. [2] [3] [4] Dental implants have gained increased popularity over the last 40 years. However, this treatment modality is contraindicated in patients with continuous growth of the alveolar process due to the risk of severe infraposition of the dental implant. 5 Likewise, conventional fixed bridges are often contraindicated in young individuals as large dental pulp chambers increase the risk of pulp necrosis, and acid-etched bridges are still considered temporary solutions due to questionable long-term retention. 6 Orthodontic space closure may be indicated in young individuals. However, it is not always feasible for functional or aesthetic reasons. 3, 6 Autotransplantation is a well-documented surgical procedure for replacing missing teeth. [7] [8] [9] [10] The treatment is defined as transplantation of a tooth from its original position into an extraction socket or a surgically prepared recipient site within the same individual.
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In contrast to a dental implant, a successful autotransplanted tooth allows alveolar growth in synchrony with neighbouring teeth, and the periodontal ligament (PDL) of the donor tooth has the potential to induce the formation of new bone, gingiva and PDL at the recipient site. 12 In addition, the transplants can be moved with orthodontic forces. 13 The biological limitation of autotransplantation is the challenge of achieving periodontal and pulp healing of the grafted tooth. Ideally, transplantation should be performed when 2/3 to 3/4 of the root of the donor tooth has formed, limiting the age span of transplanting premolars to approximately 9-12 years of age. 14 Furthermore, the operation is technique sensitive and requires an experienced surgeon. 8 The survival rate has often been the primary outcome parameter in studies reporting on autotransplantation of teeth. Most often, high survival rates are reported especially with autotransplantation of premolars. 9, 15, 16 However, in the anterior maxilla, the aesthetic presentation of the tooth replacement may be equally or even more important to the patient. Predictability of achieving long-lasting pleasing aesthetic results with dental implants has gained considerable interest over the last decade. 17 The aesthetic and patient-reported outcomes after autotransplantation have drawn less attention in the literature.
The aim of the present systematic review was to report the current evidence on survival and success rate, aesthetic outcome and patientreported outcomes after autotransplantation of teeth to the anterior maxilla.
| MATERIAL AND METHODS
An electronic search in MEDLINE (PubMed) was performed in November 2016 applying the inclusion and exclusion criteria listed in Table 1 .
The search strategy and result is illustrated in Figure 1 . The search strategy was performed through MeSH terms categorized in groups separating the subject into smaller topics, which made the search more comprehensive. The MeSH terms dissolved the subject into:
(i) Treatment, (ii) Type of donor tooth, (iii) Recipient site, (iv) Survival and Success rates, (v) Aesthetic outcome and (vi) Patient-reported outcomes, as illustrated in Table 2 .
The three main subjects in this review, survival and success rate, aesthetic outcome and patient-reported outcome of autotransplanted teeth to the anterior maxilla each had their own search combinations.
The MEDLINE search concerning survival and success rates was combined in the search field as follow: The first author screened all titles and abstracts identified by the electronic search and checked for duplicates.
Data extracted from each included study are listed in Table 3 .
| RESULTS
The result of the MEDLINE search is presented in Figure 1 . Premolars were donor teeth in all the included studies.
Data from 11 studies reporting on survival of 264 premolars transplanted to the anterior maxilla are presented in Table 4 . 1, 9, 10, [15] [16] [17] [18] [19] [20] 22, 24 Survival rates ranged between 93% and 100% (weighted mean: 96.7%, median: 100%) after 9 months to 22 years of observation (median:
8.75 years). Nine of the studies presented success rates of 238 transplanted teeth. However, there was no consensus regarding the definition of success criteria for teeth autotransplanted to the anterior maxilla as illustrated in Table 5 . Therefore, no range, mean or median values could be calculated.
Results from the two included studies reporting on aesthetic outcome are summarized in Table 6 19,25.
Two different evaluation methods were used. In one study, 25 No statistics were applied to evaluate the aesthetic outcome of the premolars, and therefore, no final aesthetic result was presented in this study. As presented in Table 7 , 19, [25] [26] [27] four studies evaluated patientreported outcome after autotransplantation of teeth to the anterior maxilla. Different strategies were used to enquire about the patients' opinions concerning the aesthetic outcome of their transplanted tooth. In the first study, 27 20 patients (children) and their parents (25 parents) answered a questionnaire about the appearance of the autotransplanted tooth using the Likert scale on 1-10, where "1"
F I G U R E 1 Search result and strategy

T A B L E 2 MeSH term categories
represented a very unsatisfying result and "10" represented an excellent result. In the second study, 19 the visual analogue scale (VAS) from 0 to 10 was used to get the patients to answer the question "How do you perceive the transplanted tooth compared with the rest of your teeth?" where "0" represented "The same as the others," whereas "10" represented "Quite different." A questionnaire was used in a third study. 26 The patients had to answer "yes" or "no" to the following statement "I am pleased with the aesthetic result" of their transplanted tooth. Finally, the fourth study included a questionnaire about several aspects of the aesthetic outcome of the transplanted tooth. 25 Questions about the colour, morphology and position were asked and for each feature the patient could answer: "very satisfied," "fairly satisfied," "somewhat dissatisfied" and "very dissatisfied." The answers were then translated to three categories: Satisfied, Acceptable or Dissatisfied. The results of the patient-reported outcome are summarized in Table 6 .
Other studies have also reported the patient-reported outcome, but they have primarily focused on experience during the treatment and not on the final aesthetic outcome of the transplant. In addition, the studies also included transplanted teeth in other recipient sites than the anterior maxilla.
7,26,28-30.
| DISCUSSION
The high survival rate of premolars autotransplanted to the anterior maxilla of 96.7% documented in the present systematic review confirms previous studies on autotransplantation of premolars. 9, 15, 16 It is well documented that a higher survival rate is achieved with immature premolars with approximately 2/3-3/4 root development due to the wider apex and therefore a better chance for pulp revascularization compared to mature teeth with completed root formation. 11, 14, 15, 20, 22 However, a survival rate on 96.7% compares well with other treatment alternatives for replacing missing teeth in the anterior maxilla. A systematic review evaluated the survival rate of single-tooth implants after 1 year of function to be 94%-97%. There is no consensus in the literature regarding the definition of success criteria after transplantation of teeth to the anterior maxilla (Table 5) The similarity for all studies reporting on the success of autotransplanted premolars replacing maxillary incisors is that none of them have considered aesthetics as a part of the success. The final aesthetic outcome of the transplanted premolars should be one of the essential success criteria when replacing anterior teeth in the maxilla.
The two included studies that did report the aesthetic result of transplanted premolars both concluded that favourable aesthetic outcomes could be obtained. However, some challenges with the appearance of the premolars were reported.
Czochrowska and co-workers 25 reported that deviating colour and cervical width of the crowns were the reasons why 41% of the transplants differed from their natural contralateral incisor.
A more recent case report confirmed that the biggest clinical challenges when autotransplanting premolars to the anterior maxilla were to create a pleasing colour of the crown and width in the cervical area. 23 The cervical width of the transplants is dependent on the angulation at which the surgeon places the transplanted tooth in the alveolar socket and/or how the orthodontist is able to rotate it postoperatively. This will strongly influence the final mesio-distal width of the transplant. A too wide or too narrow cervical width of the crown could potentially cause a problem for the prosthodontist, making it difficult to create the ideal emergence profile to match the contralateral natural tooth. It is reported that a rotation of 90° of the transplant during surgery or later orthodontically will provide a suitable mesio-distal surface and may thereby improve the emergence profile aesthetically. 13 Czochrowska and co-workers 25 reported a better aesthetic outcome for premolars restored with porcelain veneers or porcelain crown compared with premolars restored with direct composite resin build-up. However, tooth preparation for an indirect restoration in young teeth is not ideal due to large pulp chambers. Also, an indirect restoration is an irreversible treatment with the risk of porcelain T A B L E 7 Patient-reported outcome on aesthetic presentation of autotransplanted premolars to the anterior maxilla fracture/chipping, secondary caries, pulp necrosis, marginal discoloration or even loss of the veneer. 33 The reversible composite resin build-up may serve as a temporary restoration until physiological reduction in the pulp chamber allows final restoration. This could reduce the risk of complications in young individuals. 34 However, a composite resin build-up also constitutes a risk of accumulation of dental plaque if not polished correctly. 35 Proper polishing of the composite restoration and careful instruction in proper oral hygiene is necessary to prevent caries and gingival inflammation.
Despite the limited evidence, it seems obvious that a close interdisciplinary collaboration between surgeons, prosthodontist and orthodontist is mandatory to obtain predictable favourable aesthetic outcome after autotransplantation to the anterior maxilla.
In general, the limited available literature reports a high patient satisfaction with the aesthetic outcome of premolars transplanted to the anterior maxilla (Table 4) Also, the majority of the patients in the study by Stange et al 19 perceived that their autotransplanted tooth looked like the neighbouring teeth. These studies all have a limited number of included patients, which makes it difficult to draw final conclusions about this aspect. Over recent decades, there has been an increasing interest in the patient-reported outcome for implant-supported restorations. 17 A recent study 36 reported a patient satisfaction of 96% of 98 patients with implant-supported single crowns in the anterior maxilla with a mean observation period on 68.1 ± 47.7 months. From the present systematic review, it seems that the patient-reported outcomes of autotransplanted premolars are comparable to that of dental implants.
| CONCLUSION
The present systematic review confirms a high survival rate of premolars autotransplanted to the anterior maxilla, although it is based on a limited number of documented cases. Adequate aesthetic results and patient satisfaction have been reported. However, the level of evidence is low and there is a strong need for additional studies on these aspects and an agreement on defined success criteria based on which teeth transplanted to the anterior maxilla may be evaluated.
